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Abstract— The present work examines a system that uses two separated wall cavities filled with 
air which can be used as a thermal insulator in buildings. It is well known that stationary air has 
lower thermal conductivity 0.026 W/m.K. This has made it of practical interest in many 
applications such as in thermal insulation materials (e.g. porous materials) and as thermal insulator 
(e.g. enclosures, wall cavities). Specifically this work investigates the use of two separated wall 
cavities that trap air inside each one and placed in a building wall where the heat transfer is 
expected. And to achieve that, the rate of heat transfer through this wall is first calculated with the 
assumption of pure conduction (i.e. trapped air in the two wall cavities is assumed to be 
stationary). Then convection heat transfer rates through the two wall cavities are estimated based 
on the Nusselt numbers and hence the dominating heat transfer mechanism (conduction and/or 
convection) is explored. Taking into account all the above, introducing two cavities filled with air 
to building wall can work effectively as thermal insulator as indicated by lower Nusselt numbers 
and hence lower convection heat transfer rates through the two wall cavities. Advantage of using 
two wall cavities over one wall cavity of larger thickness is evidenced by the higher convection 
heat transfer rates which are associated with one wall cavity of larger thicknesses – that's the wall 
with two cavities can effectively resist the heat flow than the wall with one cavity of larger 
thickness. 




Insulation materials are the key tool in design-
ing and constructing energy thrifty buildings. 
Therefore their improvement forms still the 
major tool for the improvement of building's 
energy behavior [1]. In fact a large part of the 
energy consumed in buildings is due to heating 
or cooling purposes. This consumed energy can 
be reduced by using suitable insulation materi-
als which minimize the heat transfer from the 
building inside to outside – that is in winter or 
minimizes heat transfer from outside to the 
building inside – that is in summer, therefore 
insulation materials can reduce the energy use 
for heating or cooling in buildings [2].   
Different insulation materials and systems such 
as Aerogel, vacuum insulation panel (VIP), 
foam glass, polyurethane (PUR), polyisocyanu-
rate (PIR) and polystyrene with added graphite 
are used in building industry [1, 2].                                                                                                      
The heat transfer inside the insulation material 
can normally be divided to into three parts; 
conduction through the solid, conduction 
through gas phase and radiation through pores. 
Most commonly, the largest of these factors is 
the solid conduction. For a material with a 
small amount of solid, the importance of the 
radiation is high.  Therefore insulation materi-
als are highly porous where low thermal con-
ductivity (k) gas such as air or even other gases 
with lower thermal conductivity having in  
mind their effect on environment. These facts 
have motivated many researchers to study, im-
prove and develop thermal insulation materials 
to meet the need of insulation requirements [2]. 
Due to the lower thermal conductivity of air 
~0.026 W/m.K, as mentioned earlier, besides 
its transparency, air is known to be used as 
thermal insulator in some applications such as 
enclosures and wall cavities. This is achieved 
by trapping air in between two sheets of glass 
forming an enclosure which is known as dou-
ble-pane window. Several investigations were 
devoted to study and develop various correla-
tions to estimate Nusselt number, Nu, at differ-
ent Prandtl number, Pr, Raleigh number, RaL, 
Garshof number, GrL and length and height of 
the enclosure, to investigate the natural convec-
tion heat transfer mechanism through the en-
closures [3]. 
One wall cavity that contains stationary air, 
which analogues to the geometry of vertical 
enclosure, has been investigated to evaluate its 
effectiveness as thermal insulator in buildings 
[4,5]. Muhaisen (2015) checked various wall  
components designs including ones that contain 
air gap (i.e. one wall cavity). His results 
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showed that the lower U-values (i.e. higher 
thermal resistances) are associated with de-
signs that contain air gaps. Asfour and Kan-
deel (2014) assessed the use of thermal insula-
tion as an energy efficient design strategy. 
Their results revealed that the thermal insula-
tion in wall and roofs can reduce undesired 
heat gain and losses, which can be achieved 
effectively by using air cavity (i.e. wall cavity) 
than the polystyrene thermal insulation. 
In the present study the use of two separated 
wall cavities that contain stationary air are 
investigated to examine their implementation 
as thermal insulator in buildings. This is ac-
complished by analyzing the heat transfer 
mechanism through the wall by exploring var-
ious parameters such as Nusselt number, Ray-
leigh number, and the rates of conduction and 
convection heat transfer. 
 
II. INVESTIGATION PROCEDURE 
AND CONDITIONS  
The investigation is undertaken by supposing 
that the two separated wall cavities are placed 
in common building wall that consists of paint 
layer, cement plaster, common brick as shown 
in Figure 1. The thicknesses and characteristics 
of all materials used are included in table 1. 
Also, for pure conduction investigation we 
supposed that the air trapped in the two sepa-
rated wall cavities are motionless. However, it 
should be noted that the thickness of both wall 
cavities is 0.05 m as can be seen in table 1, 
these thicknesses have been increased from 
0.05 m to 0.1 m for further insight of the effect 
of using two wall cavities as thermal insulator. 






In addition, to simplify the computations of the 
present investigation the following assump-
tions have been taken: 
 Heat transfer through the wall com-
ponents is steady since the surfaces 
temperatures are assumed to be con-
stant at specified values. 
 Heat transfer is one dimensional since 
any significant temperature gradients 
exist in the direction from higher 
temperature environment to lower 
temperature environment. 
 Thermal conductivity is constant. 
 Air is an ideal gas and the pressure of 
the stationary air is atmospheric pres-
sure. 
 Radiation heat transfer is not consid-
ered. 
 
III. RESULTS AND DISCUSSION 
In order to investigate the effect of using two 
separated wall cavities, first the rate of heat 
Figure 1: Investigated wall components 
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transfer through the wall was determined under 
the above mentioned assumptions and consid-
ering that the air trapped in the two wall cavi-
ties is stationary, using this relation 
              Q = U * A * (TH – TL)                  (1) 
where, U is the overall heat transfer coefficient 
with the unit W/m2.K and can be calculated 
through this relation  
  1/U= Rth = [(1/ho) + (1/hi) + (Σ Δx /K)]      (2)  
 
Where Rth is the thermal resistance of wall 
components, ho and hi are the outside and in-
side convective heat transfer coefficients re-
spectively with unit W/m2.K, Δx is the thick-
ness of wall components with unit m, and k is 
thermal conductivity of wall components with 
unit W/m.K. Moreover, A is area of the wall 
with the unit m2, TH is higher temperature envi-
ronment (i.e. outside temperature, To) with the 
unitoC and TL is the lower temperature envi-
ronment (i.e. inside temperature, Ti) with the 
unit oC. 
It should be noted a thickness of 0.05 m was 
chosen for each stagnant air layer along with 
other wall components characteristics included 
in table 1and for assumed wall area of 1 m2, the 
rate of heat transfer was found to be 3.17 W.  
The temperature distribution from To to Ti 
across the wall components have been comput-
ed and shown in Figure 2.The temperatures at 
every surface of the wall components repre-
sented in thermal resistance network are shown 











Figure 2: Temperature distribution across each 
wall components 
 
Figure 3: Thermal resistance network for heat 
transfer through the investigated wall subjected to 
convection on both sides. 
   


















As can be seen in Figure 2 and Table 3, the 
largest temperature drop is observed through 
each wall cavity (first wall cavity from 31.34 
oC to 25.23oC & second wall cavity from 25.01 
oC to 18.91oC). Such trend is expected due to 
the lower thermal conductivity of the two sta-
tionary air Kair ~ 0.026 W/m.K, in other words 
due to the highest thermal resistance that exists 
in the two stationary air zones compared to 
other materials resistances. 
It should be noted that, no variation of the den-
sity can take place in the stationary air of the 
two wall cavities. As a result, no convection 
heat transfer through the two wall cavities will 
arise and the problem will be restricted to pure 
conduction only. 
But this is not always the case as in the vertical 
enclosures (i.e. stagnant air layers) a density 
variation is expected due to temperature differ-
ence at the surfaces of the enclosures; the fluid 
adjacent to hotter surface rises and fluid adja-
cent to cooler one falls, producing a rotational-
ly within the enclosure and hence enhancing 
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the convective heat transfer. Therefore, gener-
ally, air does not remain stagnant and trapped 
air in the enclosure (i.e. wall cavity in the pre-
sent study) can be a heat transmitter through 
the wall rather than of being used as thermal 
insulator. Although convection heat transfer 
through the enclosures is expected, still enclo-
sures are frequently encountered in practice 
and heat transfer through them is of practical 
interest [3]. 
To further investigate the heat transfer mecha-
nism through the two separated wall cavities 
(which analogue the geometry of vertical en-
closures), Nusselt number, Nu should be esti-
mated. Nusselt number represents the en-
hancement of heat transfer through a fluid layer 
as a result of convection relative to conduction 
across the same fluid layer Nu= (qconvec-
tion/qconduction) = hL/K where h is convective heat 
transfer coefficient with unit W/m2.K, k is the 
thermal conductivity with unit W/m.K and L is 
the characteristics length (i.e. thickness of en-
closure or wall cavity) with unit m. The larger 
the Nusselt number is, the more effective the 
convection will be. A Nusselt number of Nu= 1 
for fluid layer represents heat transfer across 
the layer by pure conduction [3]. 
It is important to say that the convection heat 
transfer through vertical enclosure or wall cavi-
ty will be increased with enclosure or wall cav-
ity thickness. This means that the trapped air in 
an enclosure or a wall cavity will enhance the 
heat transfer rather than resist it. Then it is may 
be concluded that the thickness of enclosure or 
wall cavity should be small to keep the trapped 
fluid in enclosure (or wall cavity) stationary 
which will result in a decrease in the intensity 
of rotational movement of the trapped air hence 
air can be used as thermal insulator. 
Based on the above discussion we may con-
clude that the thickness of an enclosure (or wall 
cavity) should be selected with care in such a 
way that it should not be large. This conclusion 
leads us to think if it is possible to use two sep-
arated enclosures beside to suppress the heat 
transfer from hot environment to colder envi-
ronment – use them as thermal insulator. And 
avoid the larger convection which is associated 
with enclosure or wall cavity of larger thick-
ness.  
To check the effectiveness of using two sepa-
rated enclosures as thermal insulators, the heat 
transfer through two seperated wall cavities 
placed in a common wall are investigated. 
Here, as was mentioned early, the two wall 
cavities will form two separated vertical enclo-
sures which may allow us to use the common 
correlations of vertical enclosures in the pre-
sent study of wall cavities. And therefore un-
derstand the heat transfer mechanisms through 
the two wall cavities. To do so, we have as-
sumed that the temperatures of the surfaces of 
the first and second cavities, which were calcu-
lated earlier based on the pure conduction prob-
lem, are constant (i.e. isothermal), For large 
aspect ratio, AR = H/Lc, where H is the height 
of the cavity and Lc is the thickness of the wall 
cavity which is found here to be AR= 
1/0.05=20, the Nusselt number for both wall 
cavities can be calculated using this correlation 
[3] 
 
     Nu = 0.42 RaL1/4  Pr 0.012  (H/L) - 0.3            (3) 
 
where RaL is the Rayleigh number which is the 
product of Garshof number (GrL) which de-
scribes the relationship between buoyancy and 
viscosity and the Prandtl number (Pr), which 
describes the relationship between momentum 
diffusivity and thermal diffusivity. Hence Ray-
leigh number itself may also be viewed as the 
ratio of buoyancy force and (the product of) 
thermal and momentum diffusivity. 
 RaL = GrLPr= [ (g β (T1-T2) Lc3)/ν2 ] Pr          
(4) 
where g is the gravitational acceleration with 
unit m/s2, β is the coefficient of volume expan-
sion β = 1/T (K) for ideal gas, T1 temperature 
of the hot surface, oC, T2 is the temperature of 
the cold surface with unit oC, Lc is the distance 
between the hot and the cold surfaces (i.e. 
thickness) with unit m, ν is the kinematic vis-
cosity of the fluid with unit m2/s. For the pre-
sent investigation properties of air were taken 
at the average temperature of the hot and cold 
surfaces that is ~ 30 oC for the first wall cavity 
and ~20 oC for the second wall cavity.  
Once the Nusselt numbers for both wall cavi-
ties are estimated, the convective heat transfer 
coefficient h for both wall cavities can be cal-
culated from the following relation 
h = Nu k/Lc                        (5) 
where k is thermal conductivity of the fluid 
(i.e. air). Then the rate of convection heat trans-
fer through the wall cavities can be calculated 
from the following relation 
= h A (T1 – T2)                        (6) 
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where A is the wall area with unit m2 and T1 
and T2 are the temperature of the hot and the 
cold surfaces of wall cavities with unit oC re-
spectively. 
 
Table 4: Natural convection quantities for the 
first wall cavity at average temperature of 30oC 
and the second wall cavity at average tempera-
ture of 20oC 
The calculated values of Nu, GrL, RaL, h and 
qconvection for both wall cavities of thickness 0.05 
m are included in table 4. Notation 1 and 2 will 
be used in the following discussion to indicate 
quantities of first wall cavity and second wall 
cavity respectively. As can be seen, Nu1 was 
found to be 2.77 whereas Nu2 was found to be 
2.87. However the difference between Nu1 and 
Nu2 is not big, the difference may indicates that 
in the first wall cavity, the convection heat 
transfer is 2.77 times of conduction while in the 
second wall cavity the convection heat transfer 
is 2.87 times of conduction. Therefore the con-
vection in the second wall cavity is larger than 
in the first wall cavity which can be attributed 
to the lower kinematic viscosity (v) at the low-
er average temperature ~20 oC of the second 
wall cavity (~30 oC in the first wall cavity). 
This smaller average temperature will lead to 
larger Prandtl number, larger Garshof number 
and therefore larger Rayleigh number. In other 
words, in the second wall cavity the buoyancy 
forces are larger than the viscous forces and 
this will result in a larger thermal diffusivity in 
comparison to the first wall cavity which is 
with higher average temperature.  
Higher Nusselt number in the second wall cavi-
ty will logically result in higher convective heat 
transfer coefficient and convection heat transfer 
rate in comparison to first wall cavity (i.e. 
h2=1.44 W/m2K, h1=1.43 W/m2K, q2=8.80 W, 
q1 = 8.74 W. However larger difference be-
tween Nu1 and Nu2 can mean enhancement of 
convection of one over the other as was dis-
cussed earlier, but a difference of 0.1 between 
Nu2 and Nu1 in the present case can be consid-
ered small which may leads to conclude that 
the second wall cavity has still effective ther-
mal resistance, same as the first wall cavity.  
Question which may arise now why we prefer 
to use two wall cavities of 0.05 m thickness 
each rather than using one wall cavity with 
larger thickness say 0.1 m. However, this was 
discussed earlier another check is made by var-
ying the thickness of the first wall cavity. The 
result is a remarkable increase of Nusselt num-
ber from Nu=2.77 for wall cavity of 0.05 m 
thickness to Nu = 5.83 for wall cavity of 0.1 
thickness m. And therefore higher convection 
heat transfer rate is found in the one wall cavity 
(i.e. 8.74 W for wall cavity of 0.05 m thickness 
and 9.83 W for wall cavity of 0.1 m thickness). 
This means that higher intensity of convection 
is related to the increase wall cavity thickness. 
Therefore using two separated wall cavities of 
thickness e.g. 0.05 m each, will help to control 
and reduce the convection heat transfer through 
the application. As result two wall cavities can 
be used as thermal insulator in building howev-
er care must be taken when choosing the thick-
ness of the two wall cavities. Figure 4 shows 
the variation of Nusselt number and the rate of 
convection heat transfer when the thickness of 








Figure 4: Variation of Nusselt number and rate of 




The use of two wall cavities as thermal insula-
tors in buildings is investigated. The heat trans-
fer analysis through the two separated wall 
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effectively as thermal insulator as indicated by 
relatively smaller Nusselt number and convec-
tion heat transfer rates. In addition, the use of 
two separated wall cavities as thermal insulator 
is more effective than using one wall cavity 
with larger thickness as evidenced by the larger 
convection heat transfer rates of one wall cavi-
ty with larger thickness. Based on the present 
findings, the use of two separated wall cavities 
as thermal insulator in buildings seems to be 
effective, economic, easy to construct and envi-
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